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The fluorescence emission of the hydrophobic probe,
l-anilinonaphthalene-8-sulfonate (ANS) was used to monitor
conformational changes of turkey liver fructose 1,6-bisphos-
phatase (FbPase) as a function of changes in pH, addition of
substrate (fructose 1,6‘bisphosphate), inhibitor (adenosine
monophosphate), and the divalent cations Mg^'*’, Mn^'*’, and
Co^'*'. Changes in the ANS fluorescence emission spectra in¬
dicate that conformational changes in the enzyme occur under
the above conditions. The fluorescence emission of the hydro
phobic probe,, was markedly increased in the presence of tur¬
key liver FbPase. All enzyme modifications reflect confor¬
mational changes in the enzyme.
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INTRODUCTION
A specific phosphatase, fructose 1,6-bisphosphatase
(FbPase) present in the liver, kidney, and skeletal muscle
of mammals and other vertebrates, catalyzes the hydrolysis
of fructose 1,6-bisphosphate to yield fructose 6-phosphate
(FbP) and inorganic phosphate. The enzyme was first de¬
scribed by Gomori (1), who separated it from other nonspecif¬
ic phosphatases present in liver and kidney extracts and
showed it to be inactive in the absence of This re¬
quirement for a divalent cation can also be satisfied by
Mn2+ (2).
FbPase from a variety of sources has been shown to be
an allosteric enzyme subject to reversible inhibition by ade¬
nosine-5 ’monophosphate (AMP) and substrate (FbP). Evidence
for the existence of four interacting sites for AMP binding
and four independent sites for substrate binding per molecule
of enzyme has been shown (3).
FbPase plays an important role in the regulation of glu-
coneogenesis. This process is the conversion of pyruvate to
glucose and is the most important common pathway in the bio¬
synthesis of monosaccharides and polysaccharides. The path¬
ways leading from glucose-6-phosphate to other products differ
widely among different organisms. The capacity to form free
glucose is relatively limited; it is present in some plants
and in the liver, kidney and small intestines of vertebrates.
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It has also been shown that FbP markedly enhances the
affinity of turkey liver FbPase for AMP (4). The formation
of these intermediate binary and ternary complexes was demon¬
strated in the absence of added divalent cations required for
substrate hydrolysis. This increased affinity was interpreted
to be a direct result of conformational change in enzyme struc
ture produced by the binding of substrate. Further evidence
to support such a conformational change has now been found by
the studies of the effect of substrate on the fluorescence
emission of the enzyme in the presence of the hydrophobic
probe, l-anilinonaphthalene-8-sulfonate (ANS).
l-Anilinonaphthalene-8-sulfonate and certain other deriv¬
atives of aminonaphthalenesulfonic acids have very low quan¬
tum yields (0=0.004) in water, although they have relatively
high fluorescence quantum yields when dissolved in organic
solvents, e.g., in ethanol 0=0.037, or in aqueous solutions
of proteins (5). The mechanism of fluorescence of this or¬
ganic dye (ANS) is described in this work. ANS fluorescence
was shown to be enhanced by solvents of low dielectric con¬
stant or, to a greater extent, by solvents of low viscosity.
It was proposed that the ANS fluorescence observed in protein
solutions resulted from the binding of the fluorophore to-hy-
drophobic sites upon the protein surface. This interpretation
is supported by several other lines of evidence. For example,
ANS is bound firmly in the hydrophobic heme crevice of myo-
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globin (6). Many proteins enhance ANS fluorescence with in¬
creased efficiency after hydrophobic amino acid side chains
exposed by thermal denaturation (7). These findings suggest
that ANS and other structurally related compounds could be
used as probes of conformational changes in proteins.
During this investigation, it became necessary to exam¬
ine the ANS binding sites of turkey liver FbPase. In this
work evidence is provided for the existence of sites in FbPase
that have a high affinity for ANS. These sites are not a part
of the enzyme active site, although the binding of substrate
(FbP) to the active site of FbPase is accompanied by large
changes' in ANS fluorescence. It is proposed that these changes
in ANS fluorescence result from conformational changes in the
enzyme induced by the binding of substrate.
The binding of ANS to FbPase allows the changes in the
enzyme structure to be monitored. This work will present ob¬
servations on enzyme conformation upon changes in pH, and
the addition of substrate (FbP) and inhibitor (AMP). Also,
the effects of the divalent cations Mn^"*", Mg^'*’, Co^"^ and
other enzyme modifiers on the ANS fluorescence will be reported.
LITERATURE REVIEW
Properties of Avian Fructose-1,6-Bispho5phatase
There has been very little work done with FbPase from
avian species as compared with the amount of work done on
mammalian FbPase. Han et reported the temperature of
thermal inactivation of chicken liver FbPase jC8). They con¬
cluded that both AMP and FbP increased the thermal stability
of the enzyme, with a greater effect being observed with AMP.
Marquadt and Olson also reported very similar results (9,10).
They concluded that the stabilizing effect of the compounds
(FbP and AMP) would induce changes in unheated avian FbPase.
These compounds also stabilized FbPase following heat treat¬
ment. The latter effect is thought to be a reflection of
the abilities of the compounds to prevent irreversible changes
in the secondary or tertiary structures of the avian enzyme
(9,10).
In our laboratory, the effect of pH on the catalytic
activity of avian FbPase has been reported by several workers
(4). They found that in the absence of chelating activator,
purified turkey liver FbPase has optimum activity at pH 8.3-8.5
when assayed either at 30° or 42°, which is near the physiolog¬
ical temperature of turkey. The purified turkey liver FbPase
showed a high affinity for FbP. It also required divalent cat¬
ions (Mg^"*" or Mn2+) for catalytic activity and was strongly
inhibited by AMP (4). It has also been demonstrated in our
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laboratory that the FbPase from two different avian species
(chicken and turkey) are very closely related (4,8). Enzymes
from chicken and turkey have similar molecular weights, amino
acid compositions, and electrophoretic mobility. Turkey liver
FbPase yields a homogeneous FbPase when purified by the method
of Han £t (4). The enzyme has a molecular weight of
144,000 and may exist as four identical subunits.
Fluorescence of Bound Dyes: "Fluorescent Probes**
Changes in the fluorescence properties of dyes absorbed
or covalently attached to macromolecules may signal changes
in the microenvironment of the dyes due to configurational
changes in the larger molecule. Dyes used in this way have
been called "fluorescent probes" (11), a term that is analo¬
gous to "reporter group" (12) which is defined as a chromo-
phore that undergoes changes in absorption characteristics
as a function of environmental perturbations.
Lippert (13) has explained the spectral shift of the
fluorescence band, compared with the absorption band, in
terms of dipole-dipole interactions in the excited state.
According to this generally accepted theory, the dipole
moment of most molecules increases on excitation; this in
turn requires a reorientation of the solvent dipoles forming
a shell about the fluorophore. Highly polar solvents require
the expenditure of relatively large amounts of energy to
accomplish the reorientation, with the result that the emission
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that finally appears has shifted to wavelengths of lower energy
as compared with the absorption band. In less polar solvents
the solvent reorientation energy is much less, and hence emis¬
sion is at shorter wavelengths (higher energy).
It has long been known that covalently bound fluoresecent
dyes change their characteristics in response to configura¬
tional changes. Steiner and Edelhoch (14) found that the life¬
time (13.8nsec) of the fluorescence of 1-dimethylaminonaph-
thalen-5-sulfonic acid (DNS) attached to globulin decreased
to 8nsec on denaturation with urea. They also found that the
fluorescence of a fluorescein label on bovine serum albumin
(BSA) diminished in the alkaline pH region where the protein
unfolds (15).
The use of noncovalently bound dyes as fluorescent probes
of protein structure is based on the finding that certain dyes
are only weakly fluorescent when free in aqueous solution but
strongly fluorescent when absorbed onto certain proteins
(15-17). The dyes ANS and TNS (6-p-toluidinaphthalene-2-sul-
fonate) were reported to be nearly non-fluorescent in water
but highly fluorescent when bound to BSA or denatured proteins
(5).
The anilinonaphthalenesulfonates were studies by Forster
(19), who postulated that planarity of the two ring systems
was necessary for augmentation of fluorescence intensity.
However, this idea was discarded when it was realized that a
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change in solvent polarity alone could cause the character¬
istic high quantum yield and blue shift (6,18). Because the
fluorescence of protein-bound ANS could be mimicked by placing
the dye in nonpolar solvents, the concept arose that spectral
analyses of the fluorescence could give information on the
"polarity of the binding site."
Turner and Brand (20) studied the influence of solvent
polarity on the fluorescence of the 1,5-, 1,7-, and 1,8- ’
isomers of ANS and TNS. There was a strong correlation be¬
tween the position of the fluorescence peak and the polarity
of the solvent.
Some of the problems in interpreting the spectra of
fluorescent probes seems to stem from overemphasis on polarity
in applying Lippert's theory of spectral shifts (13). These
shifts are determined by the energy expenditure for solvent
reorientation during the lifetime of the excited state. The
dielectric constant, a measure of polarity, is sometimes as¬
sumed to be the main determinant of the fluorescence charac¬
teristics; but there are times when solvent polarity and sol¬
vent-reorientation energy do not parallel each other. The
effect on fluorescence of changes in viscosity rather than
in the dielectric constant have been examined (21) . Using
mixtures of methanol and 1,2-propanediol, which both have
dielectric constants of 33, Winker was able to vary the
viscosity from 0.6 to 33cP. The fluorescence of p-amino-
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hippurate (PAH) increased in intensity by a factor of 2.5
over this range, and there was a blue shift. More recently
it was shown that a fluorescent probe, 2,6-MANS (N-methyl
derivative of TNS), placed in a highly polar environment at
a low temperature gave spectra similar to those obtained
from nonpolar organic solvents (22). Clearly these results
are due to the inhibition of solvent relaxation by high vis¬
cosity and low temperature.
Similarly, a fluorescent probe on a protein may be near
very polar groups and would not be affected by them if they
are immobilized and unable to interact with the excited-state
probe. The original idea of Forster (19) that the planarity
of the probe molecule may be important has been revived to
some extent by the work of Camerman and Jensen (23,24), who
determined the crystal structure of TNS by X-ray diffraction.
They found that electron delocalization over the two ring
systems is possible when the rings are nearly planar. Slight
deformation of the structure of the probe molecule would there
fore greatly perturb the fluorescence, and the authors sug¬
gested that it is not safe to conclude that these probes are
sensitive only to binding-site polarity.
When absorbed onto calf-thymus histone, ANS gives a
strong fluorescence (25,26). Laurence (26) finds that the
fluorescence is like that of ANS bound onto BSA and therefore
characteristic of nonpolar binding sites. However, no strong
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binding sites were actually found. It seems possible that
the ANS could be bound electrostatically to the many posi¬
tively charged basic groups on histones, in an environment
unconducive to solvent relaxation.
In spite of questions on the interpretation of probe
data, these dyes have been useful in studying alteration in
protein structure. Callaghan and Martin (16) detected the
denaturation of serum albumin by the loss of its ability to
form the characteristically fluorescent complex with ANS.
Similarly Chen (27) used ANS to show that a defatting pro¬
cedure using charcoal did not denature serum albumin; this
was shown by retention of several properties of the ANS-BSA
complex. Gaily and Edelman (7) found that Bence-Jones pro¬
tein could enhance ANS fluorescence after denaturation.
Green (28) found that avidin had a hydrophobic binding site
for ANS, presumably the same site that binds biotin; however,
the quantum yield of ANS fluorescence was much less than in
the ANS-BSA complex.
Stryer (6) presented evidence that ANS can bind to apo-
myoglobin and apohemoglobin in the heme crevice. Whereas it
had been reported that ANS quantum efficiency was 0.004 and
0.75 in water and on BSA, respectively (29), Stryer found
that ANS on apomyoglobin had a quantum yield of 0.98 (6).
Hsu and Woody (30) showed that ANS and other dyes had optical
activity when bound to apohemoglobin. Indeed, the binding
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was so rigid in a preferred orientation that absorption and
circular-dichroism spectra could be used to resolve individ¬
ual vibrational transitions.
The dye ANS was found by K. Brand (31) to bind to trans¬
aldolase, with a marked enhancement of fluorescence. The sub¬
strate, FbP, reduced the fluorescence without displacing ANS
from the complex. A configurational change induced by sub¬
strate was postulated.
Previous work has been done on rabbit liver FbPase with
the fluorescent hydrophobic probe, ANS, by Pogell and co¬
workers (32-,33). They presented evidence that reflects changes
in enzyme conformation and found that there are three pro¬
perties of FbPase which are specifically and markedly changed
in the presence of low concentrations of substrate: (a) a
decreased binding to carboxymethycellulose; (b) the enhanced
affinity of the enzyme for its allosteric inhibitor, AMP;
and (c) the decreased emission of the enzyme-ANS complex.
Fluorescence and the Phenomenological Approach
Fluorescence is an exceedingly sensitive analytical tool.
Application of fluorescence assay does not require knowledge
of the theoretical background of the phenomenon. However,
some information concerning the physical principles of fluo¬
rescence is helpful in understanding and extending its use.
This technique is very useful in detecting changes in protein
conformation as a function of hydrophobic binding studies.
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These studies have provided a new insight into the kinetics,
structure and interactions o£ proteins (5,34).
An oversimplified definition of fluorescence is that it
is the immediate emission of light from a molecule or atom
following the absorption of radiation. Fig. 1 shows in a
crude fashion, how a substance can exhibit fluorescence (35).
If the molecule is in the lowest vibrational level of the
electronic ground state, its internuclear distance will most
likely be about that shown by point (A) in the figure. This
is dictated by the form of the vibrational wave function,
which will give a maximum probability for this internuclear
distance. If an electronic excitation occurs, it will happen
so quickly that no appreciable motion of the massive and
sluggish muclei will have taken place (the Frank Condon Prin¬
ciple) . Thus, we should expect the transition to be described
by a nearly vertical line (A->B) in the figure, and the most
likely transitions will be those that lead to vibrational
states that have maximum probability of internuclear distance
close to the initial distance. In the example shown, the
form of the potential energy curve for the excited state is
such that the first vibrational level in this state will be
favored. Two things may now happen: (1) all of the excita¬
tion energy may be lost in a nonradiative manner, or (2) the
molecule may lose some energy as heat and thus reach the lowest
vibrational level of the excited state and then reradiate
12
Fig. 1. "Potential Energy Diagram."* The shape o£ the hyper¬
surface along a critical coordinate for the ground
state So and the first excited singlet and trip¬
let T, states of a representative organic molecule
in solution are given. G is a point of intersystem
crossing, .
*Taken from J. Calvert and J. Pitts, Jr., "Photo¬
chemistry," John Wiley § Sons, Inc., New York, N. Y.
1967, p. 274. '
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(line C-’-D). When this happens, the emitted light will be of
lower frequency (and thus longer wavelength) than the ex¬
citing light, and fluorescence will be observed. The theory
of fluorescence has been described in greater detail (34).
Energy Transfer
When applying fluorescence assay there are two pheno¬
mena which are particularly important. They are "energy
transfer" and "fluorescence polarization." Only the former
will be discussed here.
The transfer of electronic excitation energy from one
molecule, or portion of a molecule, to another is now known
to be such an efficient process, that in. many systems it may
occur at every encounter. Furthermore, it is known to occur
widely in nature even over distances as great as 50A° or more.
Largely through the efforts of Forster (36) it is now recog¬
nized that transfers can proceed by a radiationless mechanism
whereby the molecules which are originally excited (primary
oscillators) transmit the excitation energy to recipient
molecules (oscillators) at a distance. The interaction is
due to dipole-dipole coupling and not to the overlap of
electron orbitals (37).
Quantum Yield
The polarity of the binding region can be evaluated in
terms of two parameters, the emission maximum and the quantum
I
yield of fluorescence of bound dye.
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The percentage of the absorbed energy which is re¬
emitted as fluorescence is indicated by the term "quantum
yield of fluorescence," designated as 0, where
0 = J^untber of quanta emitted .
number of quanta absorbed
In the absence of any perturbations, the emitted fluo¬
rescence is equal to the absorbed radiation and 0=1. The
lifetime of the excited state under these ideal conditions
is referred to as Tq and can be estimated from absorption
data (38). The actual value of 0 under practical conditions
can be derived from the equation
0 = Vt„
where t has been experimentally determined.
EXPERIMENTAL
Materials
D-fructose 1,6 bisphosphate (FbP) and adenosine-5'inono-
phosphate (AMP) were obtained from Sigma Biochemicals,
St. Louis, Mo. The ammonium salt of l-anilinonaphthalene-8-
sulfonic acid (ANS) obtained from the Sigma Chemical Co. ,
St. Louis, Mo., was twice recrystallized from hot water
according to the method of Weber and Young (29). The cry¬
stals were dried at 50° for several hrs and stored in the
dark. Concentrations of this reagent in aqueous solutions
were determined assuming an extinction coefficient of
4.95X10^cm^/m-mole at 350nm (29). Tris-HCl, cobalt sulfate,
magnesium sulfate and manganese chloride were purchased from
the Fisher Scientific Co. All other chemicals used were of
reagent grade.
Homogeneous turkey liver FbPase was obtained from P. Han
and was prepared by his method (4). Protein concentration of
the purified enzyme v/as determined spectrophotometrically at
280nm. A solution containing l.Omg (dry wt ) of purified
turkey liver FbPase per ml in a light path of 1.0cm has an
absorbance of 0.75, and this was used as a standard.
All reagents for fluorescence experiments were dis¬
solved in Chelex treated distilled water. Chelex treatment




FbPase activity at pH 7.5 was determined spectrophoto-
metrically as previously described (4)-
Fluorescence emission measurements were carried out at
room temperature (25°) in a Perkin-Elmer Model 204 fluo¬
rescence spectrophotometer, a grating instrument designed to
automatically record fluorescence emission intensity vs.
wavelength in the ultraviolet and visible regions for a
variety of compounds. A fixed slit of lOmp width was used.
Automatic recording of intensity vs. wavelength was performed
on a Perkin-Elmer Model 056 strip chart recorder. The sample
compartment holds 4 10mm square cells in a rotable turret
selected by an external lever.
Samples in a usual vol of 3ml containing 50mM Tris-HCl
buffer, pH 7.5, were placed in a 10mm square fused quartz
cell, and properly aligned into the cell compartment. The
excitation and emission intensities are expressed in arbitrary
fluorescence units after corrections for the appropriate ANS
blank.
Equilibrium dialysis was carried out in 1ml dialysis
cells (Chemical Rubber Company, No 547695) with continuous
mixing in the dark at room temperature. Concentrations of
ANS in samples from both sides of the dialysis membrane were
determined fluorometrically after a 1:10 dilution in ethanol.
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Absorption Measurements.--Spectrophotometric absorp¬
tion measurements were obtained using a Coleman Model 124
double beam grating U.V.-visible spectrophotometer and a
Cary 17 recording spectrophotometer.
Fluorescence Studies.--The fluorescence emission,
spectra of the purified homogeneous FbPase-ANS complex
was obtained under the following conditions: (a) FbPase-
ANS complex plus lOmM AMP and lOmM FbP; (b) the FbPase-
ANS complex plus the additions of O.SmM, ImM, 5mM, and
lOmM solutions of FbP followed by identical amounts of
AMP at pH 7.5; (c) the FbPase-ANS complex plus lOmM solu¬
tion of AMP followed by the addition of a lOmM solution
of FbP; (d) the FbPase-ANS complex at pH’s 6.0, 7.0, 8.0,
and 9.0; (e) the FbPase-ANS complex plus lOmM solutions
of Cobalt, Manganese, and Magnesium; (f) the FbPase-ANS
complex plus substrate (lOmM FbP) along with the metal
co-factor, (Mn^’’’) ; and (g) the FbPase-ANS complex plus
urea additions, ranging from 2M to lOM in increments of
2M. The instrument used was as reported in "Materials”
above.
RESULTS AND DISCUSSIONS
Fluorescence Properties of FbPase-ANS Complex
The addition of FbPase to a dilute solution of ANS in
Tris-HCl buffer at pH 7.5 resulted in a large increase in
fluorescence emission (Fig. 2). The excitation maximum was
at 378-380nm and the emission peak appeared around 508nm.
ANS or FbPase alone gave negligible emission under these
conditions. The fluorescence intensity of the above system
(ANS-FbPase) was markedly quenched by high concentrations of
FbP and low concentrations of AMP with no significant change
in the spectral position, suggesting that these effector
molecules produced a pronounced alteration in the enzyme
structure. Neither compound had any absorption at either the
excitation; or the emission region nor did they have any effect
on the fluorescence emission of ANS in the absence of enzyme.
The Effect of Varying Concentrations of AMP and FbP on the
ANS-FbPase Complex
The effect of varying the concentration of substrate
(FbP) and the allosteric inhibitor (AMP) on the fluorescence
emission of the FbPase-ANS system are shown in Fig. 3-6.
The magnitude of the decrease with high concentrations of
FbP was much less than that with AMP. Thus, the lower the
concentration of AMP the more the fluorescence intensity of
the enzyme-complex increased. A reversible substrate induced
18
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Fig. 2. Fluorescence Emission Spectra of FbPase-ANS with




Fig. 5.' Fluorescence Emission Spectra of FbPase-ANS









Fig. 4. Fluorescence Emission Spectra of FbPase-ANS






Fig. 5. Fluorescence Emission Spectra of FbPase-ANS




Fig. 6. Fluorescence Emission Spectra of FbPase-ANS





conformational change occurs upon the addition of lOmM FbP,
whereas a lOmM solution of AMP caused the fluorescence in¬
tensity of the FbPase-ANS complex to decrease as compared to
the lower concentrations of AMP. Thus, it appeared that sub¬
strate alone could induce large changes in enzyme configura¬
tion at high concentrations.
The addition of a lOmM solution of AMP to the FbPase-
ANS complex caused a slight shift in the emission maximum
to a shorter wavelength and an increase in the fluorescence
emission intensity. These observations are shown in Fig. 7.
When a lOmM solution of FbP was added to the system above,
the emission maximum shifted back to its original wave¬
length, 508nm. These findings suggest that the substrate
produced a pronounced alteration in the enzyme conformation.
These results are quite different from those found in Fig. 6,
where the addition of FbP was added before the inhibitor, AMP.
Thus, it appears that the binding of substrate molecules
changes the conformation of the enzyme, resulting in an in¬
creased affinity for AMP and a decreased hydrophobic environ¬
ment for the binding of ANS.
Effect of Urea
Fig. 8 shows the effect of varying concentrations of
urea. The addition of urea to the FbPase-ANS complex caused
a fluorescence quenching of the enzyme-dye complex. There is
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Fig. 7. Fluorescence Emission Spectra of FbPase-ANS






Fig. 8. Fluorescence Emission Spectra of FbPase-ANS





a constant decrease in the fluorescence emission of the
enzyme-system as the concentration of urea increased, with
the exception of the lOM sample. This concentration caused
a shift to longer wavelengths, lower energy. It is only at
this concentration that the enzyme seems to be denaturing.
This indicates that the macromolecule has more exposed non¬
polar amino acids available for the ANS probe to bind.
Heat Denaturation
Denaturation of the FbPase by boiling produced a 3 to 4
fold higher fluorescence intensity, and markedly decreased
the effects of subsequent addition of substrate. These re¬
sults were expected because of the exposure of more hydro-
phobic sites upon denaturation (7).
Effect of Changes in pH
In Tris-HCl buffer, the fluorescence emission intensity
of the FbPase-ANS complex increased with an increase in pH.
These results are shown in Fig. 9. Such results were expected,
since more hydrophobic residues are exposed upon increases in
pH. It is believed that the quenched fluorescence emission in
the presence : of substrate will be constant over a pH range of
7.3-8.5. There were no observable shifts in emission maximum.
Reversal of Substrate-Induced Fluorescence Decrease
Fig. 10 shows the changes that occurred upon the addi¬
tion of substrate (FbP)'to the FbPase-ANS complex, and the
35
Fig. 9. Fluorescence Emission Spectra of FbPase-ANS






Fig. 10. Reversal of Substrate-Induced Decrease in the
Fluorescence Emission of FbPase-ANS at pH 7.5.
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table below illustrates these changes in a more detailed
manner. Kinetic measurements at pH 7.5 showed that high
concentrations of ANS had no effect on enzyme activity, so
it was possible to demonstrate a reversal of substrate-in¬
duced fluorescence quenching. Manganese ions catalyze the
overall reaction at high concentrations; whereas this cation
alone has very little effect on the FbPase-ANS fluorescence
as may be seen in the table below. The recovery of fluo¬
rescence emission after the addition of Mn^"*" was very rapid
and almost complete in 20 minutes. The emission maximum
shifted to higher energy (shorter wavelength) slightly as
the recovery of fluorescence emission after the addition of
Mn^'*' was complete. This experiment again indicates that the
binding of substrate induces a conformational change.
Reversal of Substrate-Induced Decrease in Fluorescence Emission.
Addition Arbitrary Units (%)
Enzyme (0.4mg/ml) + ANS (10"®M) 55
Enzyme + ANS + Mn'*"*' (lOmM) 52
Enzyme + ANS + FbP (lOmM) 49




The Effect of the Divalent Cations and
The effect of the divalent cations and Co^"*" on
the fluorescence emission of FbPase-ANS was also studied.
The cation, Co^"^ quenched the fluorescence emission of the
enzyme complex. The addition of Co^"^ caused a decreased in
the fluorescence emission intensity of the enzyme system with
time, and shifts in the emission maximum to shorter wave¬
length were observed. Fig. 11 shows these results.
The cation, Mg^'*', caused an effect slightly different
from that caused by the divalent cation, Co^'*’, and very much
similar to that caused by Mn^'*’ on the FbPase-ANS complex.
The fluorescence emission decreased with time. It was
noticed that when the substrate was added to the FbPase-ANS
complex, the fluorescence emission increased with time in
the presence of the metal co-factor, Mn^'*’. The most plau¬
sible explanation for these findings is a conformational
change induced by the binding of the substrate.
41
Fig. 11. Fluorescence Emission Spectra of FbPase-ANS




The data presented, and all other spectral observations
indicate that the enzyme undergoes conformational changes
due to environmental perturbations. The fluorescence emis¬
sion of the hydrophobic probe, ANS, was markedly increased
in the presence of turkey liver FbPase.
The substrate (FbP) produced a specific and reversible
decrease in the fluorescence yield. The binding of the sub¬
strate to the enzyme-ANS complex enhances the affinity of
the enzyme for its allosteric inhibitor, AMP.
From these studies performed on FbPase using the fluo¬
rescent hydrophobic probe, ANS, it is apparent that there
are other hydrophobic regions on the enzyme molecule that
are not a part of the enzyme active or catalytic site. In
relation to pH, binding of substrate and inhibitor, and all
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